INTRODUCTION

O
LDENBERGl studied the fluorescence spectrum of 12 in the ultraviolet region, excited by various atomic lines, and discussed the results in a qualitative way. From the work of Asagoe,2 and Kimura and Tonomura 3 it has been known for a long time that in the same region as that studied by Oldenberg, a series of 12 resonance lines, excited by iodine atom emission lines, are observed in electric discharges through iodine vapor. Kimura and Tonomura gave an analysis of this spectrum after photographing it in the region 2050-2370 A with a Hilger El quartz spectrograph and reported this resonance spectrum as excited by the iodine atomic lines 1830.4 A and 1844.5 A. They also photographed the spectrum down to 1783 A with a small fluorite spectrograph and indicated in the published spectrum short and weak resonance series excited by iodine atomic lines 1782.9, 1799.2, and 1876.4 A, together with the extension of those excited by 1830.4 and 1844.5 A. No data were given below 2050 A. The process of excitation could not be decided uniquely. The present author also repeated the experiment in India by using a Hilger El quartz spectrograph. The preliminary analysis of the spectrum showed that the analysis could be improved and further definite knowledge about the ground electronic state of 12 could be obtained, if the spectrum were photographed with a high resolution instrument down to 1700 A. Hence the study of this spectrum was continued in this laboratory and the results are discussed in this paper.
EXPERIMENTAL
Various conditions of the discharge were tried to excite this resonance spectrum and a high-frequency (2450 Mc/sec) discharge was found to be an efficient method. The source of iodine vapor was kept at ooe and the vapor was pumped off continuously by a mechanical pump during the exposure time and the discharge tube was cooled with a fan. The exposure time ranged from 10 to 90 minutes. Ilford Q2 photographic plates were used. The spectrum was photographed in the region 1700-2060 A in the third order of a 21-ft vacuum grating spectrograph having a grating with 30000 lines/inch. The Ge atomic spectrum 4 was used as the standard for the measurements. The region 2000-2400 A was photographed in the 2nd order of the same instrument and copper and iron atomic lines were used as reference spectra for measurements. The measurements were made with an SIP comparator. The accuracy for sharp lines was ±1 mA, but for the weak lines and for those which were overlapped by other lines, the error ranged from ±3 rnA to ±6 rnA. The wavelengths measured were vacuum wavelengrhs (Ava.); Ava. values for the standard lines above 2000 A were obtained with the help of Edlen's table. 5 The wave numbers of the resonance lines, along with their analysis, are given in Tables I to IV. 4 Meissner, Van Veld, and Wilkinson, J. Opt. Soc. Am. 48, 1001 (1958 .
6 B. Edlen (private distribution, 1952) .
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RESULTS
The spectrum consists of groups of sharp lines which are repeated at intervals from 1830 A to 2370 A. On the lower frequency side, the spectrum converges to a sharp limit [ Fig. 1 (g) ] followed by a maze of lines. Each group of lines consists of doublets which form doublet resonance series. The intervals between the members of the individual series correspond to the vibrational quanta of the ground electronic state of' iodine molecule. In all, five doublet series are found to be excited. In individual resonance series, a number of the members are very weak or missing in accordance with the wave-mechanical formulation of the FranckCondon principle. It is found that these resonance series involve the ground state of 12 for their lower electronic state. The resonance doublets in some of the 6   8  9  10  11  12  13   15  17  19  21  24  26  28  30  31  33  35  36  38  40  41  43   44   46  49  50  52  55  56  58  59  62  63  66  67  71  75  76  77  83 84 10  11  12  13  15  17  19  21  23  24  26  28  30  31  33  35  36  38  40  41  43  46  48  49  51  52  54  55  58  61  62  65  66  69  70  74  75  76  80  81  82 It may be pointed out that according"to Kimura and Tonomura the doublet series I is excited by the 1830.4 A atomic line and II, III, IVa, and IVb are excited by the 1844.S A atomic line. However, it may be noted that according to the present analysis the R line of II at v" = 2 falls very close to the 1844.S A atomic line, giving rise to the probability of one mistaking 1844.S A as the exciting line, especially in a low dispersion spectrum. The calculations are based on the following theory.
The doublet separation .1" in a doublet series can be shown to be given by
where J r is the rotational quantum number of the level excited in the upper state. Bv" and Dv" are the rotational constants of the lower state (ground state in this case) and are functions of the vibrational quantum number v". Expressing Bv" and Dv" in a polynomial in v" and dropping off the primes, one gets
Bv= Be-ae(v+!) +Ye (v+!) 2+ 0e (v+!)3+<I>e(V+!)4,
Dv=De+,8.(v+!). (3)
On substitution in Eq. (1),
Thus .1v is expressed in the form of a polynomial in v. Therefore ~v versus v was plotted for the five doublet series (Figs. 3-7) . The points which are too far off the smooth curves correspond to either very weak lines or blended lines and therefore were omitted from consideration in drawing the smooth curves. In drawing the J; 87 __ ~~R __________________ _ Be is known precisely from the interferometric work on the resonance spectrum in the visible region by Rank and Baldwin. 6 Neglecting the term De in Eq. (7) and putting Be=0.037364 give 4Jr+2~349.5 Jr~86.9 =87 (as Jr has to be integer). (7) and (8) These equations were developed from the constants given in Eqs. (10) and (11). The smooth curves so drawn represent the points for low v" values as well as for the last point, for which the overlapping lines of the two doublets are resolved. The in-between points are below these curves in accordance with the reasons given for II and III.
Since three different vibrational levels are excited in the upper state as shown in Fig. 2 , it was possible to calculate the vibrational and rotational constants of the upper state at those vibrational levels and the values found are given in the following: This value of Do may be slightly higher than the true value of Do by the amount of the height of the rotational level J = 24 above the rotational level J = 0 in the last vibrational level of the ground state. But the Bv value for this level is not known. However, out of the 18 doublets preceding the convergence limit, the first three were resolved and the Bv values for them could be calculated as 0.00696 cm-I, 0.00588 cm-I, and 0.00490 cm-I • Taking Bv= 0.00490 cm-I, the height of the rotational level J = 24 above J = 0 was calculated to be 2.94 cm-I which is more than its value for the last vibrational level. Thus the lower limit of Do is set at 12451.0 cm-I and the higher limit at 12453.9 cm-I, i.e., Do= 12452.5± 1.5 cm-I • This value of Do can be contrasted with the previous value of 12439±8 cm-1 determined from the convergence lirnie of the visible absorption bands. The separation between successive R lines or P lines in a series is equal to the separation between two successive vibrational levels of the lower electronic state (ground state in this case) for a constant J value. Denoting this by ~EJ(v+t) it can be shown that
The contribution by the last term is negligible, and therefore Eq. (15) (Fig. 8) and are shown by a smooth curve. The points marked in Fig. 8 are those for which the ~EJ(v+t) values were obtained directly. The ~EJ(v+t) values for the last 17 vibrational quanta were obtained from series IVb which converges to a sharp limit, but vibrational quantum numbers for them could not be identified independently. The doublet separation could be resolved only in the first three members as pointed out earlier. Therefore the Ev values for other members could not be found and hence the ~G(v+t) values for these vibrational Since this work provides data for the positions of all the vibrational levels of the ground electronic state and for the values of the rotational constants, an attempt has been made to compute the potential energy curve right up to the dissociation limit by the RydbergKlein-Rees method. 9 ,lo However, the final forms of the expressions for the computations of the RKR method have been changed into more convenient forms as discussed in the following 8 The author examined the data which Professor Rank kindly sent to him and this mistake has been confirmed by private communication.
9 A. L. G. Rees, Proc. Phys. Soc. (London) 59, 998 (1947) . 10 Vanderslice, Mason, and Maisch, J. Mol. Spectroscopy 3, 17 (1959) . (It is to be noted that a factor of 1 in the expression for g should read 2. This has been confirmed by private communication with the authors.)
The auxiliary function S as defined in earlier work,9,LO -E(I, k)J1dI (16) o where at 1=1 ', U=E and I=h(v+t) Differentiating with respect to U and k under the integral sign, and then performing the integration, leads to the following expressions for f and g: However, when a series of quadratics in the form of E (I. k) are chosen to represent the entire experimental range, the auxiliary function S can be put in the CIII' 126
FIG. 10. The potential energy curve for the ground state of I2 near the dissociation limit, drawn on a larger scale.
following form: and v=i-1 for the ith level.
The energy zero is chosen as the minimum of the U(r) curve (i.e., Uo=O). Therefore xo=O and AG(v+!)o+ (WX)1=W1' The constants w, WX, B, and a are allowed to vary from quadratic to quadratic. This form involves the AG (v+!) instead of U and hence avoids the confusion about zero reference point for each quadratic, and also computations of the factor Wi are much simpler than previously.
The potential energy curve for the ground state of 12 has been computed by using the data given in this paper, and the results are tabulated in Table VII and plotted in Figs. 9 and 10. Figure 10 shows the potential energy curve near the dissociation limit on a larger scale. The calculations above v" = 84 could not be carried out directly as the constants B and a could not be obtained from the experimental data above v" = 84.
However, short extrapolation of the curve passing through the points representing rmin below v" = 84 is justified and rmin could be obtained above v" = 84. For these points above v"=84, the quantity f could be calculated from the experimental data as it does not involve Band a. Thus rma. could be calculated as The potential energy curve so plotted shows the interesting feature of approaching the asymptote very slowly and it appears to show that at larger r values, the van der Waals forces are predominating over the valence forces. It is found that the potential energy curve follows the c/r 6 force law between r=4.6 A and r= 6.4 A. The van der Waals force constant c was calculated to be 3.7X10 6 , if U(r) and r are in cm-1 and A respectively. The curve could be fitted within ±3 cm-1 • It may be pointed out that the theoretical value ll of 'c' for the HI molecule is 2.24X 10 8 and is a little less than that for 12 as expected.
ELECTRONIC TRANSITION
The lower state of this transition is the well-known ai7r u 4 7r c 4 l~c+(Og+) the ground state of the molecule. There is no direct experimental evidence for deciding the nature of the upper electronic state, but a very good prediction can be made by considering the structure of the resonance series observed in this transition. According to the analysis only doublet series are excited and hence if upper state obeys Hund's case c (which is very likely) it has to be Ou +. There are a number of possibilities for the electron configurations 12 which can be associated with this state. However, the long resonance series observed suggest that the transition involved has a very high transition probability and may correspond to the transition which is responsible II F. London, Trans. Faraday Soc. 33, 8 (1937) . 12 R. S. Mulliken, Phys. Rev. 46, 549 (1934) .
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for the Cordes 13 absorption bands. From these considerations, one may propose one possibility as the V state, (Jc7ru47rc4(Ju, l~u+(Ou+) for the upper state. However, the possibility of the electronic states l~u+(Ou+) and 3~u-(Ou+) arising from the electron configuration (Jc27ru37rc3(Ju2 cannot be ruled out easily. It may be pointed out that one of these two states has been tentatively associated with the upper state at Te=47207 cm-1 of the emission band system 14 2730-2486A.
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The experimental results are discussed in connection with a mechanism of interstitial solution of oxygen ions in the fluorite lattice. A thermodynamic equation for the entropy is developed which gives semiquantitative agreement with the experimental data.
I. INTRODUCTION
U RANIUM dioxide and thorium dioxide form a continuous series of solid solutions in which the fluorite structure is maintained.1 Anderson et al. 2 studied the oxidation of these solid solutions. They found that, for uranium contents greater than 50 atomic percent, the solid solutions, UIIThl-1I02+z, could incorporate into interstitial sites in the lattice up to a value of x equal to 0.32-0.34 without destroying the I W. Trzebiatowski and P. W. Selwood, J. Am. Chern. Soc. 72, 4504 (1950) . 2 Anderson, Edgington, Roberts, and Wait, J. Chern. Soc. 1954,3324. fluorite structure. At higher thorium contents, the maximum uptake of oxygen decreased with increasing thorium content.
Thermodynamic information on the nonstoichiometric solid solutions having high thorium contents (y<0.25) have been reported by Anderson et al. 2 and by Roberts et al. 3 The pressures of oxygen in equilibrium with the solid solutions increased with decreasing uranium content. 2 The partial molar heats of solution of oxygen in the solid decreased negatively with de-
